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Objectives: Injuries are common during combat operations. The

high costs of extremity injuries both in resource utilization and

disability are well known in the civilian sector. We hypothesized that,

similarly, combat-related extremity injuries, when compared with

other injures from the current conflicts in Iraq and Afghanistan,

require the largest percentage of medical resources, account for the

greatest number of disabled soldiers, and have greater costs of

disability benefits.

Design: Descriptive epidemiologic study and cost analysis.

Methods: The Department of Defense Medical Metrics (M2)

database was queried for the hospital admissions and billing data of

a previously published cohort of soldiers injured in Iraq and

Afghanistan between October 2001 and January 2005 and identified

from the Joint Theater Trauma Registry. The US Army Physical

Disability Administration database was also queried for Physical

Evaluation Board outcomes for these soldiers, allowing calculation of

disability benefit cost. Primary body region injured was assigned

using billing records that gave a primary diagnosis International

Classification of Diseases Ninth Edition code, which was corrobo-

rated with Joint Theater Trauma Registry injury mechanisms and

descriptions for accuracy.

Results: A total of 1333 soldiers had complete admission data and

were included from 1566 battle injuries not returned to duty of 3102

total casualties. Extremity-injured patients had the longest average

inpatient stay at 10.7 days, accounting for 65% of the $65.3-million

total inpatient resource utilization, 64% of the 464 patients found

‘‘unfit for duty,’’ and 64% of the $170-million total projected

disability benefit costs. Extrapolation of data yields total disability

costs for this conflict, approaching $2 billion.

Conclusions: Combat-related extremity injuries require the greatest

utilization of resources for inpatient treatment in the initial postinjury

period, cause the greatest number of disabled soldiers, and have the

greatest projected disability benefit costs. This study highlights the

need for continued or increased funding and support for military

orthopaedic surgeons and extremity trauma research efforts.
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INTRODUCTION
Injuries are common during combat operations. The

casualties of the current conflicts in Iraq and Afghanistan have
been the subject of reports on the character of combat wounds
and their associated management.1,2 However, beyond
quantifying these wounds, there has been no large-scale
assessment of which wounds have the greatest impact on
military medical care. The intent of this study was to examine
a large previously described cohort of combat-wounded
patients and assess the impact of these injuries on military
medical resource utilization and soldier disability relative to
body region injured.

Recent publications have demonstrated the burden of
extremity injuries on the US civilian health care system.3–8

Protection of the head and chest in motor vehicle collisions has
contributed to increased survival of patients but also has
increased the number of survivors with lower extremity
trauma.9–11 Body armor may have a similar effect in combat
patients.12–17 We hypothesize that combat-related extremity
injuries in the current conflicts in Iraq and Afghanistan have
the greatest requirement for medical resources, lead to the
greatest number of disabled soldiers, and have the greatest
projected disability benefit costs of any combat-injured body
region.

METHODS
The patient population for this study was adopted from

a previous large-scale investigation of the spectrum of injuries
in the current conflicts, which consisted of 3102 casualties,
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approximately 27% of the estimated casualties for the period
studied.1 The subjects were identified from the Joint Theater
Trauma Registry (JTTR), which was queried for service
members consecutively injured in Operation Iraqi Freedom
and Operation Enduring Freedom from October 2001 through
January 2005.1,2 The JTTR is a registry that collects
information on soldiers injured in the theater of operations
and follows their care until arrival at a military medical
treatment facility in the United States. The results of the query
were limited to include injured soldiers treated and evacuated
to tertiary care facilities and those classified as died of wounds.
Excluded were soldiers classified as killed in action, soldiers
returned to duty within 72 hours, and soldiers sustaining
nonbattle injuries. These classifications of wounded are
routinely recorded and were obtainable from the JTTR
database. The remaining cohort approximated those soldiers
wounded in action.18

Data relating to patient’s hospital admissions were
queried from the Military Health System Executive Informa-
tion/Decision Support Medical Metrics (M2) database, which
is a central repository of detailed clinical, financial, and
beneficiary information for Military Health System opera-
tions.19 Data points collected for each of the identified soldiers
were the diagnosis-related group (DRG), International
Classification of Diseases Ninth Edition (ICD 9) coding for
primary diagnosis, and length of stay for each inpatient
admission. Only consecutive admissions from the date of
injury were included; subsequent hospitalizations were not
counted in this study. This typically included an admission at
Landstuhl Regional Medical Center in Germany followed by
an admission at a military treatment facility within the
continental United States.

The Department of Defense (DoD) uses the DRG
prospective payment system for determining the charges
associated with inpatient hospitalization. This DRG billing
system was accepted for use by Medicare in 1983 to set levels
of reimbursement for inpatient admissions20 and subsequently
adopted by the DoD. A DRG is a grouping of ICD 9 diagnoses
that are similar in resource utilization required during hospital
admission. The dollar value billing charge generated in this
model encompasses all treatment-related resources for the
entire hospital stay, including but not limited to surgical costs;
radiographs; medications; and physician, nursing, and
ancillary personnel support. In this model, the calculated
billing charge is equivalent to the resource utilization required
for the treatment of injured soldiers.

The DRG for a particular admission is determined by
a grouping algorithm that takes several admission character-
istics into account, including the patient’s primary diagnosis
(identified by ICD 9 code), secondary diagnoses, surgical
procedures, age, sex, and discharge disposition. These data
points are extracted from hospital charts by coders, and the
DRG is determined independent of the treating physicians.
This system adjusts for complexity of disease or injury by
having 3 levels of severity for each group and adjusting for
lengths of stay.

Our model for determining billing charges was in
accordance to procedures set forth for DoD and Veterans
Affairs. This begins with adjusted standard amount (ASA),

which is a dollar value specific to each medical treatment
facility and based upon local wage differences and related
medical education costs. To eliminate variation in the
calculation of charges for the same injury due to different
treatment facilities, the ASA for each of these calculations was
standardized to the Brooke Army Medical Center rate for the
fiscal year 2008. Each DRG has a specific ASA multiplier that
gave a base rate. That rate in this billing model is modified for
outlier admissions requiring greater or less resources as
determined by the patient’s length of stay.

Disability outcomes in this patient population were
assessed using results of the US Army Physical Disability
Evaluation System. This evaluation process is used to
determine the fitness of injured soldiers for continued military
service. After the treatment of injured soldiers, if the con-
dition improves to the point that they are able to return to
full military duty, they are returned to their unit. However, if
the treating physician or the soldier’s unit leaders believe that
the soldier is unable to perform full military duty or is unlikely
to be able to do so within a reasonable amount of time
(normally 12 months), the soldier begins the Physical
Evaluation Board (PEB) process with the ultimate outcome
being a determination of fitness for duty and eligibility for
disability benefits. If found ‘‘unfit for duty,’’ the board will rate
the percentage of disability, from 0% to 100%, using the
Veterans Affairs Schedule for Rating Disabilities.21–23 The US
Army Physical Disability Evaluation System database was
queried for medical boards processed on the soldiers in our
cohort and for the outcomes of those boards with percentage of
disability ratings. The disability ratings determined by the
board can be directly converted into a disability benefit cost
using the guidelines set forth by the US Army, which state that
the soldiers whose disability is rated below 30% receive
a onetime severance payment, whereas soldiers at or above
30% receive a monthly disability retirement pay, as well as
maintaining medical benefits. The severance payment is equal
to 2 months of base pay times the number of years of eligible
service time. The disability retirement pay is a monthly pay
equal to the base pay times the percentage of disability to
a maximum of 75%. Severance payment and disability
retirement pay estimates were made using the information
for the typical soldier in our cohort. This soldier had an
average age of 26 years and a median rank of E4.1 For our
calculations, this soldier in 2008 had a monthly base pay equal
to $1949.10 and an arbitrarily assumed 75-year life
expectancy. No adjustments were made for cost of living or
inflation over time.

The results from the inpatient billing model and the
disability benefit calculation were extrapolated to the current
combat-injured population that meets the inclusion criteria for
this study. This was accomplished using available casualty
data as of May 8, 2008, which counted 14,564 soldiers
wounded in action and not returned to duty.24 We validated our
extrapolation model by comparing the injured population
meeting inclusion criteria for our cohort as a percentage of
total casualties from 2001 to 2005 with the 2008 data yielding
a relatively constant percentage at 50% and 46%. Additionally,
our cohort of 1333 is 9% of the total 2008 wounded in action
and not returned to duty group, which we feel is a sufficient
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sample to project to the whole population assuming no
significant change in wounding patterns.

Analysis of this data was performed by body region
injured according to the criteria described by Churchill.25

Previous study of this cohort identified an average of 4.2
wounds per casualty, often in different body regions.1 For this
reason, it was necessary to determine a primary body region
injured to associate with each set of admission data. For billing
purposes, at each hospital admission, a patient is assigned
a primary injury ICD 9 code and DRG. This assignment is
made to most accurately reflect the resources used in the care
of the patient, or from the billing perspective, to maximize
reimbursement. Despite the multiple injuries of these patients,
each patient is assigned a single primary injury code. With
corroboration with the JTTR injury mechanism and descrip-
tion, it was from this primary injury code determined by the
hospital coders that the body region–injured groupings were
made. Each soldier was assigned to 1–4 groups: soldiers
with primary diagnoses of head/neck, thorax, abdomen, or
extremity injury. This primary body region injured was also
associated with the disability rating for each soldier.

RESULTS
The cohort used for this study and previously published

by Owens et al1 contained 1566 soldiers with battle injuries.
Of these, 1333 soldiers had complete admission data and
were included. These 1333 soldiers accounted for 22,200
inpatient days for their initial hospitalizations. The total
resource requirement associated with these admissions was
$65,733,282. Results by body region are found in Table 1.
Soldiers with a primary diagnosis of extremity injuries
accounted for 65% of all resources required for treatment
(Fig. 1).

Of the 1333 soldiers in this study, 464 (35%) were
ultimately found unfit for duty due to disability from their
injuries. The distribution of these medical board findings by
body region and the average, median, and mode (with number
of soldiers at that rating) of disability ratings are found in
Table 2. Soldiers with a primary diagnosis of extremity injuries
accounted for 64% of all soldiers found unfit for duty (Fig. 2).

The total projected cost of disability benefits for the
cohort was $170,025,060. The distribution of benefits by body
region is found in Table 3. Also, shown are the percentage of
soldiers who received a onetime severance payment of
approximately $15,593 (for the average E4 rank soldier in
our cohort1) versus the percentage of soldiers receiving
a monthly disability retirement pay and the average projected
lifetime benefit for soldiers found unfit for duty. Soldiers with
a primary diagnosis of extremity injuries accounted for 64% of

total disability costs calculated. The average projected lifetime
benefit for soldiers with primary extremity injuries is exceeded
only by that for the primary head/neck injury group.

Extrapolation of these findings to the total injured
population as of May 2008 of 31,708 patients, of which 14,564
meet the inclusion criteria of this study, yields a resource
requirement of $718 million in the initial hospitalization
period, of which $463 million was required for patients with
primary extremity injuries. The total projected cost of
disability benefits is $1.9 billion of which $1.2 billion will
be required for patients with a primary diagnosis of extremity
injury.

DISCUSSION
Understanding the impact of these combat injuries on

military medical resource utilization and on patient disability
is paramount for planning future resource distribution and
implementing methods to improve care. We have provided
a descriptive analysis of resource utilization for combat
casualty care through the initial inpatient hospitalization and
an analysis of patient disability ratings and cost from these
injuries.

When the primary diagnosis for admission was
compared with the incidence of injury by body area, it was
seen that although extremities make up 54% of all injuries,1

they represent 63% of the primary diagnoses for admission.
Understanding that there are an average of 4.2 wounds per
soldier,1 this suggests that for soldiers with injuries to multiple
body regions, extremity injuries are likely to be the primary
cause for inpatient hospitalization and the injury that requires
evacuation of the soldier from theater.

In addition to being the most likely primary diagnosis in
patients admitted to a hospital or evacuated, we found that the
total number and average number of inpatient days for
treatment of patients with a primary diagnosis of an extremity
injury were greater than for injuries to other body regions. The
requirement for greater length of hospital stay coupled with the
quantity of extremity wounds dictates that most of the
resources used for combat casualty care be directed to soldiers
with combat-wounded extremities. Extrapolation of the
resource requirement to the total current population of
evacuated combat-wounded soldiers approaches a half billion
dollars for extremity injuries alone. This is striking but may be
a conservative estimate as resources not discussed in this study
including outpatient visits, prosthetics, and rehabilitation can
reasonably be expected to be greater for extremity injuries.

With respect to disability that results from these injuries,
there are similar rates of referral to PEB and findings of unfit
for duty among each body region, approximately 35%.

TABLE 1. Injuries, Admissions, Average Inpatient Days, and Resource Costs by Body Region Injured

Body Region Injury Incidence, No. (%)1 Admissions, No. (%) Average Inpatient Days, d (SEM) Resource Utilization, $ (%)

Head/neck 1946 (29) 309 (23) 14.4 (1.2) 13,334,162 (20)

Thorax 376 (6) 68 (5) 13.1 (2.1) 3,416,233 (5)

Abdomen 709 (11) 114 (9) 13.9 (1.5) 6,627,491 (10)

Extremity 3575 (54) 842 (63) 17.9 (0.7) 42,355,395 (65)
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However, due to the disproportionate number of soldiers with
a primary diagnosis of extremity injuries, 65% of all soldiers
going through the PEB had extremity injuries as their primary
diagnoses for admission. Thus, the burden of wartime
disability is overwhelmingly due to extremity injuries.

The average disability ratings for injuries to all body
regions were dissimilar with the head/neck group having
the highest average disability rating at 52% followed by
the extremity group at 42%. We found even lower average
disability ratings for the thorax and abdomen groups. These
averages are difficult to interpret as the ratings do not have
a normal distribution. Although 52% is the average disability
rating for the head/neck group, there are very few soldiers who
actually have a rating near that amount. They are more likely
to have a rating of 30% or 100%. The median and mode are
effective statistics for understanding these rating distributions.
The primarily extremity-injured group had a median and a
mode of 40%, which was similar to the mean. The primarily
head/neck-injured group had a median of 40% and a mode of
30%, indicating that outliers at the high end of the disability
ratings are skewing the mean. This is indicative of the dev-
astating effect of severe craniofacial injuries but masks the
true disability of the typical primarily head/neck-injured
soldier, which is less than the typical extremity-injured soldier.
The thorax and abdomen groups had a similar pattern to the
head/neck group, but with lower ratings. We can conclude
from the mode that the typical or most prevalent soldier in
the primarily extremity-injured group is more disabled than the
typical soldier in the primarily head/neck group, although the
number of soldiers in the primarily head/neck-injured group
with 100% disability ratings was larger. With the much larger
number of soldiers in the extremity group and the high level of
disability ratings, these data support the claim that extremity
injuries are the cause of the greatest quantity of disability
among combat casualties.

To further evaluate the disability of soldiers, we assessed
the projected award of disability benefits. This method
effectively discounts injuries that have low disability ratings
as the disability severance pay does not approach the value of
disability retirement pay. Both the thorax and abdomen groups
had greater than 50% of their soldiers rated below the
threshold for disability retirement pay when found unfit for
duty. The decreased level of disability lessens the impact of
these injuries on the military medical system. In contrast, the
primarily head/neck-injured and primarily extremity-injured
groups were more likely to have higher disability ratings and
higher disability benefit costs. The primarily head/neck-
injured group had a higher proportion of patients with 100%
disability ratings than the other body regions. This led to
higher projected disability benefit costs on a per soldier basis.
However, with the previously demonstrated high number of
disabled soldiers in the extremity group and their relatively
high average disability benefit cost, primarily extremity-
injured soldiers had the greatest total projected cost of
disability. The extrapolation of total disability benefit costs
yielded $1.2 billion in projected disability compensation for
extremity injuries. This is impressive both in its magnitude
and by the degree that it exceeds costs for acute treatment
resources.

This study was limited by simplifications and assump-
tions made with each of our models. Analysis of the resources
dedicated to the care of a soldier would ideally be carried
out for the entire duration of care to include subsequent
hospitalizations, outpatient visits, and ancillary therapies and
rehabilitation costs. Unfortunately, no databases currently exist
for war-injured soldiers that capture these data. Furthermore,
we could not account for the prosthetic-related costs of our
amputees. A civilian publication evaluating amputee costs due
to trauma demonstrated a lifetime prosthetic cost of a half
million dollars per amputee.26 In addition, for the soldiers who
receive disability benefits, the health care includes all medical
concerns and not just the complications or aftercare from
the original injury. These limitations likely underestimated the
health care cost of combat-related extremity injuries.

We recommend that further database development
efforts continue, particularly in the area of extremity trauma
outcomes. We feel that these data justify the need for further
research support to optimize treatment of extremity injuries.
Civilian studies have demonstrated a significant negative
impact on long-term outcome by rehospitalization for a
complication after trauma.27,28 Therefore, basic science and
clinical research aimed at minimizing posttraumatic compli-
cations has the potential to significantly impact our patient’s

FIGURE 1. Distribution of injuries, resources, and disability
costs by body region. A, abdomen; E, extremity; H, head/neck;
T, thorax.

TABLE 2. PEB Finding and Rating Statistics by Body Region Injured

Body Region
Found Unfit for
Duty, No. (%)

Mean Disability
Rating, % (SEM)

Median Disability
Rating, %

Mode Disability
Rating, % (No.)

Head/neck 105 (23) 52 (2.9) 40 30 (20)

Thorax 24 (5) 32 (6.1) 20 10 (8)

Abdomen 38 (8) 36 (4.5) 30 10 (9)

Extremity 297 (64) 42 (1.5) 40 40 (54)

264 q 2009 Lippincott Williams & Wilkins

Masini et al J Orthop Trauma � Volume 23, Number 4, April 2009



long-term functional outcome and impact of their injuries on
the military medical system.

The PEB process assigns disability ratings to each
individual injury that the board finds incompatible with
continued service. We were able to gather disability ratings for
each boarded soldier; however, we were not able to identify the
specific injury that resulted in the rating for each soldier. Our
model accounted for this by assigning the disability rating to
the body area that was the primary diagnosis for each soldier’s
admission. We believe that the effect of this simplification on
the data to be minimal; however, we recognize that further
investigation into PEB results would be beneficial, and these
records remain an excellent source for outcome data on injured
soldiers.

The PEB process does assess traumatic brain injury in its
disability rating, which was reflected in this study. However,
the impact and disability of traumatic brain injury on soldiers
over the long term may not yet be completely understood and
should be an emphasis for continued research.

The greatest strength of this study is the cohort size. To
our knowledge, there has been no larger study assessing the
impact of combat injuries on military medical resources or
evaluating disability outcomes from injuries in this conflict.
These data should be used to determine future funding and
resource distribution for those caring for and researching
combat trauma.

With the available data and assumptions applied, we
accept our hypothesis and conclude that combat-wounded
extremities require the greatest utilization of resources for
inpatient treatment in the initial postinjury period and cause
the greatest disability by volume of disabled soldiers and by
the projected cost of disability benefits.
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